Introduction
Gout is a chronic disease caused by deposition of monosodium urate crystals around and within the joints, leading to inflammation, painful acute arthritis, and gradual joint destruction. 1 Urate-lowering therapy (ULT) is necessary to lower and maintain serum urate (SU) levels at a therapeutic target of ,360 µmol/L as this is associated with fewer gout flares, reduction of tophus size, and depletion of urate crystal stores in synovial tissues. [2] [3] [4] However, medication adherence to ULT is suboptimal. Adherence in gout was lowest at 36.8% among six common chronic diseases in a longitudinal study. 5 In a recent 
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Tan et al systematic review, low rates of adherence (17%-44%) were reported using electronic prescription records of patients with gout. 6 Studies using other methods of adherence assessment including electronic medication packaging device trackers, pill count, clinician assessments, and patient self-reports consistently highlighted medication nonadherence in gout, 6 which may in turn contribute to poor disease outcomes. 7, 8 The 8-item Morisky Medication Adherence Scale (MMAS-8) is a structured, self-reported 8-item questionnaire, 9 which has been validated in several chronic diseases. [10] [11] [12] [13] As gout is mostly treated in the outpatient setting, we chose to use the MMAS-8 because of its practicality, simplicity, feasibility for real-time feedback, and its acceptance by healthcare providers and patients. 14 The aim of our study was to evaluate the use of MMAS-8 in a prospective cohort of patients with gout.
Methods

study population
From 2011, adults aged $21 years with gout fulfilling the 1977 American Rheumatism Association preliminary classification criteria of acute gout 15 were prospectively recruited from the rheumatology clinics in a tertiary hospital. Patients who had been on ULT for at least 9 months by July 2014 (censor date) were included for analysis of adherence. Only patients who received allopurinol or probenecid as ULT were included. In Singapore, allopurinol and probenecid are the most commonly prescribed ULT. Patients on febuxostat, which was not yet licensed in Singapore at study commencement, or those taking nonstandard formulations such as benzbromarone were excluded because of potential inconsistent pharmacy supply. Written informed consent was obtained from all patients. The conduct of this study was approved by our Institutional Ethics Review Board, the National Healthcare Group Domain Specific Review Board.
clinical variables
Patients recruited into the gout cohort were seen per routine clinical need with data capture at 6-monthly intervals. At baseline, sociodemographic data (age, gender, ethnicity, and education), lifestyle factors (cigarette smoking, alcohol, physical activity), gout characteristics (age of diagnosis, disease manifestations, past treatment), and comorbidities were obtained. Formal education was defined by completion of at least secondary school education. At each visit, flare status and severity, ongoing gout therapies (prophylaxis, ULT, and traditional Chinese medication), health-related quality of life (HRQoL) and physical functioning indices, and adherence data were collected. Clinical measurements such as the presence of tophus, gout flare status, and number of joints involved were determined through history and physical examination by a rheumatologist. Height, weight, and SU levels (µmol/L) were recorded at each review.
hrQol measures
To assess HRQoL, we used the EuroQoL-5 dimension (EQ5D) three levels. 16 The EQ5D is a simple 5-item tool with three levels of response options (no impairment, moderate impairment, and severe impairment) that provides a simple descriptive profile and a single index value for health status. 17 In addition, patients also completed the disease-specific Gout Assessment Questionnaire (GAQ) version 2.0 at each study visit, which contains the Gout Impact Scale (GIS) 18 and other sections describing the overall impact of their gout, frequency of attack, duration, and joint involvement. The 24-item GIS comprises five subscales representing the impact of gout overall ("Gout Concern Overall -4 items", "Gout Medication Side Effects -2 items", and "Unmet Gout Treatment Need -3 items") and during an attack ("WellBeing During Attack -11 items " and "Gout Concern During Attack -4 items"). Each item in the GIS portion is rated on a 5-point Likert scale ("strongly agree" to "strongly disagree", "all of the time" to "none of the time", or "not a bit" to "extremely"). 18 Subscales are scored from 0 to 100, with higher scores on each subscale indicating "worse condition" or "greater gout impact". For this study, the subscales on "Gout Medication Side Effects" and "Unmet Gout Treatment Need" were of particular relevance as they reflect the patients' perception of their ULT. Questionnaires were in English and were self-administered by patients.
Medication adherence measures
Self-reported medication adherence was measured by the MMAS-8. 9 It consists of 8 items, with binary scoring for the first seven items and a 5-point Likert score for the last item. The last item contributes a score between zero and one in 0.25-point increments on a 5-point scale assessing the frequency patients forget take medications (never =1, once in a while =0.75, sometimes =0.5, usually =0.25, and all the time =0). The total score is a summation of all MMAS-8 items and ranges between 0 and 8, with scores of 8 reflecting high adherence, 7 or 6 reflecting medium adherence, and ,6 reflecting low adherence.
Medication possession ratio (MPR) is another measure of medication adherence. 6 It is a ratio that summarizes the proportion of days a patient has a supply of medications for. The MPR can be presented as a fixed or variable measurement. The fixed MPR calculates medication possession rate over a fixed duration that is being studied. In comparison, variable MPR takes into account between-subject variation in treatment durations, depending on the exact dates of the subjects' prescriptions within a specified period that is being studied. Hence, the variable MPR can be viewed as a more precise measure of medication possession. 19 The variable MPR is calculated through the following equation:
Variable MPR Days of dispensed medication (Days between la = s st and first prescription Days of last prescription) + Perfect adherence is inferred when the ratio is 1 (100%) and a cutoff of $80% has been determined to define adherence. As the MPR only assesses medication possession, it assumes that the patient consumes the medication obtained. Patients completed the MMAS-8 at each study visit and their MPRs were computed from retrospectively extracted pharmacy records for the corresponding time frame.
statistical analysis
Baseline data such as gout characteristics, disease severity, treatment history, comorbidities, MMAS-8, MPR, EQ5D, and GIS were summarized descriptively. Categorical variables were reported as frequencies in percentages while continuous variables were reported in means and standard deviations using the independent Student's t-test (for two group comparisons) and the analysis of variance (for more than two group comparisons). The relationship between MMAS-8 and MPR was evaluated using Pearson's correlation. We expected the correlation between MMAS-8 and MPR to be weak to moderate as shown in previous studies in other therapeutic areas. [20] [21] [22] Construct validity of MMAS-8 was assessed by comparing mean scores between known groups identified from published literature. We did the same for MPR and compared the two tools to determine which measure has better construct validity. We hypothesized that older patients, 23 those with more comorbidities, 5, 24 higher education status, greater self-rated gout severity, and more frequent gout flares 25 would have higher MMAS-8 scores (ie, higher adherence). We also postulated that patients with more concerns in the treatment-specific GIS subscales (namely the "Unmet gout treatment need" and "Gout medication side effects" scales) and those with anxiety or depression on EQ5D would have lower MMAS-8 scores (ie, lower adherence).
Criterion validity was assessed by examining the MMAS-8 scores according to SU changes as an objective clinical outcome measure of gout. 26 By assessing the change between baseline and final visits after at least 9 months of ULT, outcomes in SU level were categorized as follows: 1) improved (when SU decreased by .50 µmol/L); 2) worsened (when SU increased by .50 µmol/L); or 3) stayed the same (unchanged at ±50 µmol/L from baseline). In addition, we defined remission as achievement of a target SU ,360 µmol/L and absence of gout flares for 1 year. Similar analyses were performed for MPR scores.
Finally, test-retest reliability was assessed using the intraclass correlation coefficient (ICC) on 20 patients with retest in 2 weeks. Internal consistency was evaluated using the Cronbach's alpha with alpha .0.70 considered to be satisfactory. SPSS version 16.0 for Windows was used for the analyses.
Results
Between 2011 and 2014, 205 patients had been recruited into our gout cohort. After excluding patients who had been on ULT for ,9 months and those on febuxostat and benzbromarone, 91 patients remained for analysis. Of these, 92.3% (n=84) were men and 72.5% (n=66) were Chinese, with a mean age of 53.5 years (standard deviation, SD =16.0) and mean body mass index of 29.7 kg/m 2 (SD =7.7). The mean duration on ULT was 14.4 months (SD =2.9). Table 1 shows our cohort's demographic, lifestyle, and clinical characteristics at baseline.
Mean MMAS-8 was 6.17 (SD 1.8), of which 24.2%, 37.7%, and 37.8% of our subjects had high, medium, and low adherence, respectively. Mean MPR was 96.3% (SD 18.9), and 83.5% (n=76) met the definition of adherence (ie, $80%). A target SU ,360 µmol/L was achieved by 57.1%, but only 7.7% achieved our definition of remission during the study period.
The association between MMAS-8 and known patient groups is depicted in Tables 2 and 3 . Increasing age and lack of formal education were associated with higher MMAS-8 scores (P=0.015 and P=0.011, respectively). Adherence was not influenced by number of comorbidities, polypharmacy, frequency of gout flares, the use of gout flare prophylaxis with either colchicine or prednisolone, or being on traditional Chinese medicine. Moderate to severe anxiety or depression on the basis of EQ5D was found in 15.5% of patients. These patients had lower MMAS-8 scores compared to those with no anxiety or depression (P=0.028). A significant proportion of patients reported in the GIS subscale 
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Tan et al "Gout Medication Side Effects" that they had concerns about side effects (50.0%) and long-term effects of gout medications (60.0%). These items were associated with significantly lower MMAS-8 scores (Table 3) .
Meanwhile, MPR scores were only influenced by the presence of tophi (Table S1 ). Hence, MMAS-8 exhibited better known group validity compared with MPR. There was no relationship between MMAS-8 and MPR (r=0.069, P=0.521). The mean MMAS-8 was similar in those who achieved SU ,360 µmol/L versus those who did not reach this target SU (P=0.852). Likewise, the mean MMAS-8 did not differ among the three SU outcome groups (P=0.777); MMAS-8 and MPR scores did not differ between patients who did or did not achieve our definition of remission (P=0.087).
Internal consistency of MMAS-8 was good (Cronbach's alpha =0.73); its test-retest reliability (n=18, 20% sample) was satisfactory (ICC 0.702 [95% CI 0.362-0.877]). Note: *"gout medication side effects" and "Unmet gout treatment needs" are subscales of the 24-item Gout Impact Scale, which contains treatment-specific items. Abbreviations: eQ5D, euroQol-5 dimension 3 levels; sD, standard deviation. 
Discussion
This is the first study to evaluate the use of MMAS-8 in assessing medication adherence to ULT in the management of gout in an Asian cohort. The majority (61.9%) of our gout patients had good (medium to high) adherence to ULT on MMAS-8, compatible with the adherence described in other chronic diseases 27-29 using the same tool. As expected from a self-report measure, adherence in our gout cohort appears to be high, similar to another study of adherence to ULT, where adherence was assessed through the Medication Adherence Report Scale. 25 Previous studies have found that adherence to gout medications is associated with higher baseline gout severity, but predicted better gout outcomes, such as control of flares and achieving target SU level. 30, 31 However, in our cohort, MMAS-8 was not influenced by known markers of gout severity such as baseline SU level, patient-reported gout severity, and presence of tophi, and therefore appeared to have limited value for measuring adherence in our local patients with gout. One possible explanation is the discrepancy between physician-and patient-perceived disease severity. While physicians perceive objective factors, in particular the presence of tophi or high SU levels, as determinants of disease severity, these may not directly impact the patients' quality of life. Hence, they may not influence their adherence to treatment. 32 Other clinical markers of disease severity that we had expected to impact a patient's quality of life, such as patient self-rated severity and frequency of flares in the past year, similarly seemed to have no influence on MMAS-8 scores. We expected adherence to be associated with fewer flares, 31 by virtue of SU level reduction while on regular ULT. Instead, we observed a trend for more frequent flares in adherent patients. This may be accounted for by the relatively short follow-up (mean duration on ULT of 14.4 months). During this period only approximately half of our patients reached target SU while the rest were still on dose titration. It is well recognized that patients may experience more flares during the initial period of ULT titration, and, therefore, prophylaxis is recommended during the first 6 months. 33 Unfortunately, less than half of our patients were on prophylaxis with either colchicine or nonsteroidal antiinflammatory drugs, complicating the interpretation of the higher flare rate among adherent patients.
The influence of adherence on achievement of target SU levels is debatable. While some studies demonstrated that better adherence is associated with achievement of target SU or reduction in SU levels, the findings have been inconsistent. 25, 30, 34 In a recent cross-sectional study of gout patients on ULT, adherence was not independently associated with SU target. Other health-related perceptions such as confidence with therapy and disease understanding did not influence SU level either. Instead, the dose at which the ULT is prescribed, that is, how diligently ULT dose titration was pursued, determined achievement of SU target in that study. 35 While we did not analyze ULT dosing patterns in our cohort, closer analysis of the individual prescriptions could help to identify additional areas for improvement in the management of patients with gout.
Other groups have shown that older age was associated with better compliance in gout 23, 36, 37 and other diseases, 38 Note: *"gout medication side effects" and "Unmet gout treatment needs" are subscales of the 24-item Gout Impact Scale, which contains treatment-specific items. 
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Tan et al potentially because of older patients' experience in managing chronic diseases 36 and willingness to be committed to lifelong medication. Likewise, an increased number of comorbid illnesses were shown to be associated with increased adherence to gout medications. 5, 24 It is postulated that comorbid illnesses that may be perceived as being more life threatening changed a patient's overall attitude toward medication consumption. 24 In our cohort, there was no association between adherence and the number of comorbidities. Interestingly, we found that patients with formal education were less adherent. This phenomenon has been reported in lupus 39, 40 and psychiatric patients. 41 It is postulated that educated patients are more critical of their doctors' advice and often have their own perceptions of how their disease should be treated, be it correct or misguided, depending on their source of information. [42] [43] [44] Our study revealed that MMAS-8 is able to elucidate certain concerns about medications. For instance, being bothered by and worried about medication side effects were predictably associated with lower MMAS-8 scores, while unmet treatment needs did not influence MMAS-8. Several qualitative studies in gout also demonstrated that patients' experience or concern for side effects is often a contributor to lower adherence to their gout treatment regimen. 25, 45, 46 MMAS-8 was able to identify patients with moderate to severe anxiety or depression and therefore those who may be apprehensive about ULT. Gout patients who had difficulty with coping, poorer overall health status, and greater emotional response to their disease (ie, being more emotionally affected by the gout) had been shown to have reduced adherence to treatment. 25, 47 This study draws our attention to a group of patients who would benefit from more careful assessment of compliance. They are the younger patients, those who display anxious or depressive traits, and those who have highlighted concerns of ULT. It will be worthwhile to then enquire about their beliefs about medications and address them through dedicated disease-and medicationspecific education. An individualized treatment plan 48 may need to be devised for each patient, depending on specific concerns. Patients may also benefit from additional support to cope with their disease.
We noted an absence of association between MMAS-8 and MPR. MPR categorized a higher proportion of patients as adherent (83.5% vs 61.9% patients with medium-high adherence on MMAS) and our cohort's mean MPR was very high (96.3%) compared with other studies where MPRs ranged between 54% and 75%. 6 However, as MPR is a measure of medication possession, it does not reflect actual medication consumption and may thus overestimate our cohort's actual compliance to ULT. High MPRs seem to be a consistent observation in our country, as demonstrated in other local studies of patients with diabetes 49 and osteoporosis. 50 In Singapore, the convenience of on-site pharmacies within hospitals and clinics may account for the higher likelihood of prescriptions being filled after each doctor's visit. In addition, we speculate that societal culture of politely accepting highly subsidized medications plays a role. This calls into question the utility of MPR in our local context.
The strength of our study was that it was a prospective study, consisting of patients under the care of rheumatologists and accurate gout diagnosis, out of which the majority had objective evidence of gout (47.3% had tophi and 31.9% had presence of crystals in synovial fluid). We had comprehensive pharmacy data for accurate calculation of MPR. Although the sample size was small and patients were recruited from specialized clinics in a tertiary care setting, there was a wide spectrum of disease severity and characteristics including those with gout as sole diagnosis. Thus, the results may still be readily generalizable to those who are on ULT in the primary care setting. Self-reported adherence questionnaires are prone to biases from wrong data input by patients, nonstandardized conduct of the interviews, and the patient's psychological state. 51 However, our participants in doubt had the benefit of referring to a research assistant to ensure understanding and accurate data entry.
A limitation of our study is that we did not use an electronic medication monitoring device. Nonetheless, this method is not perfect because opening the bottle does not equate to consuming the medications. Our relatively short follow-up means that a significant proportion of patients were still undergoing ULT titration at the final visit. It is likely that SU levels fluctuate during this period, and certain outcomes, such as cessation of flares, would only be reached later. Longer follow-up would allow most patients to reach a stable plateau, allowing us to assess the eventual influence of adherence on flares and SU level. However, adherence to treatment from the onset of therapy determines eventual disease outcome, and early identification of potential patient concerns would allow timely counselling and adjustment of therapy, if indicated. Consistent physician prescription of prophylactic medications for all patients newly commenced on ULT may have helped to eliminate confounding by flares inherent to initial ULT titration.
Conclusion
While MMAS-8 displayed satisfactory internal consistency and test-retest reliability, it was not associated with clinically 
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Morisky Medication Adherence scale in gout objective outcome measures of gout in this local study. However, it distinguished patients with poor adherence because of experience of or worries about medication side effects, anxiety, and depression, and may be used to identify this subgroup of patients who may benefit from targeted patient education and coping support.
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